OBJECTIVE This study aimed to examine factors associated with adherence to recommended treatment among pediatric patients with positional skull deformity by reviewing a single-institution experience (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) with the treatment of positional plagiocephaly. METHODS A retrospective chart review was conducted. Risk factors, treatment for positional head shape deformity, and parent-reported adherence were recorded. Univariate and multivariate analyses were used to assess the impact of patient clinical and demographic characteristics on adherence. RESULTS A total of 991 patients under age 12 months were evaluated for positional skull deformity at the Texas Children's Hospital Cranial Deformity Clinic between 2007 and 2014. According to an age-and risk factor-based treatment algorithm, patients were recommended for repositioning, physical therapy, or cranial orthosis therapy or crossover from repositioning/physical therapy into cranial orthosis therapy. The patients' average chronological age at presentation was 6.2 months; 69.3% were male. The majority were white (40.7%) or Hispanic (32.6%); 38.7% had commercial insurance and 37.9% had Medicaid. The most common initial recommended treatment was repositioning or physical therapy; 85.7% of patients were adherent to the initial recommended treatment. Univariate analysis showed differences in adherence rates among subgroups. Children's families with Medicaid were less likely to be adherent to treatment recommendations (adherence rate, 80.2%). Families with commercial insurance were more likely to be adherent to the recommended treatment (89.6%). Multivariate logistic regression confirmed that factors associated with parent-reported adherence to recommended treatment included primary insurance payer, diagnosis (plagiocephaly vs brachycephaly), and the nature of the recommended treatment. Families were less likely to be adherent if they had Medicaid, a child with a diagnosis of brachycephaly, or were initially recommended for cranial orthosis therapy than families with commercial insurance, a child with a diagnosis of plagiocephaly, or an initial recommendation for repositioning or physical therapy. Factors associated with treatment completion included corrected age, insurance, diagnosis, recommended treatment, and distance to provider from patient's residence. Patients with commercial insurance (OR 1.49, 95% CI 1.10-2.02, p = 0.009), those diagnosed with both brachycephaly and plagiocephaly (OR 2.26, 95% CI 1.31-3.90, p = 0.003), those recommended for treatment with cranial orthosis (OR 4.55, 95% CI = 3.24-6.38, p < 0.001), and those living in proximity to the provider (OR 1.40, 95% CI 1.00-1.96, p = 0.047) were more likely to complete treatment. CONCLUSIONS Insurance type, degree of head shape deformity, and types of recommended treatment appear to affect rates of adherence to recommended treatments for positional skull deformation.
T he institution of the Back to Sleep Campaign in 1992 has significantly decreased infant mortality due to sudden infant death syndrome (SIDS), while the prevalence of positional skull deformity has increased substantially. 11, 12 Positional plagiocephaly and brachycephaly are the most common deformities. Occipital plagiocephaly is characterized by an increased oblique diagonal difference with noticeable asymmetrical flattening of the occiput. Brachycephaly is characterized by anterior-posterior shortening and compensatory biparietal widening. 6 Both plagiocephaly and brachycephaly are typically noted by 2-4 months of age and have decreasing prevalence as children grow older. 6 These deformities are frequently seen in association with torticollis. Treatment options for positional deformations include no intervention, repositioning, physical therapy, and use of a cranial orthosis (otherwise known as helmet therapy).
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If the degree of deformity warrants intervention, the first-line treatment is repositioning of the infant to overcome positional preference. Physical or occupational therapy is recommended when torticollis is the underlying cause of positional deformity. 8 If these conservative measures are not effective, a custom cranial orthosis may be placed to aid in the correction of the deformity. 13 The cranial orthosis takes advantage of the rapid rate of brain growth in normal infants and may modulate skull shaping by fitting closely to the head to prevent pressure on one area while still leaving room for preferential directed growth at the flattened area. These devices are typically worn for 23 hours per day for several weeks. 14, 16 As with other therapeutic interventions, successful treatment of positional cranial deformities is likely to be related to the degree of compliance with prescribed treatment. Because improved compliance is generally thought to result in improved outcomes, factors affecting adherence to therapeutic recommendations have long been a subject of study. The WHO defines adherence as "the extent to which the patient follows medical instructions" and "the extent to which a person's behavior corresponds with recommendations from a health care provider." 18 Early efforts to examine health care adherence led to the development of the health belief model (HBM), which identified psychological readiness, situational influences, and environmental conditions as the major factors contributing to adherence.
5 Psychological readiness is influenced by perceived risk of contracting illness or severity of disease and belief that detection and treatment would be of benefit. Situational influences include personal factors, but also influence from others in favor of or against taking a specific action. Environmental influences include factors that alter accessibility to resources, affecting their utilization. 5 The HBM was designed to predict factors that would drive behavior change, specifically, participation in a health screening program. 5, 7, 10 Knowledge of these factors allows them to be taken into consideration when designing interventional programs to improve adherence to medical recommendations. 7 More recently, a meta-analysis of relationships between adherence and outcomes conducted at the University of California at Riverside reported that adherence is highly correlated with positive treatment outcomes. Compared with non-adherence, adherence to treatment reduces the risk for a null treatment outcome by 26%.
3 Similarly, a 2003 report from the World Health Organization (WHO), entitled "Adherence to Long-Term Therapies-Evidence for Action," further supported the idea that increasing patient adherence to recommended treatments will have a significant impact on treatment outcomes and overall health. 18 Additionally, this report proposed a framework, similar to that of the HBM, which consisted of 5 components thought to affect adherence: "social-and economic-related" factors, health system factors, therapy-related factors, condition-related factors, and patient-related factors.
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A number of social and economic factors have previously been identified as associated with improved adherence to various types of medical treatment. For example, type of insurance coverage was found to be associated with non-adherence to antihypertensive medication, 1, 2 mammography screening, 4 and follow-up after orthopedic trauma surgery. 17 The current study evaluated patients treated for positional cranial deformities at the Texas Children's Hospital Cranial Deformity Clinic to identify factors associated with parent-reported adherence to initial treatment recommendations and completion of long-term cranial remolding therapy. By identifying factors associated with poor compliance, we aimed to help patients and providers overcome these boundaries to improve treatment compliance and outcomes.
Methods
The Cranial Deformity Clinic was established in 2007 to reduce variation in management and improve coordination of care for infants with positional cranial deformities. A team of pediatric neurosurgeons and advanced practice providers screened all patients presenting to the Texas Children's Hospital Cranial Deformity Clinic between 2007 and 2014 for cranial deformation using a STARscanner laser surface scanner (Orthomerica Products Inc., Orlando, FL). Patients treated for positional cranial deformation (occipital plagiocephaly, occipital brachycephaly, or both) who were under the age of 12 months at presentation and who had not received treatment prior to being evaluated at Texas Children's Hospital were included in the study. Exclusion criteria included patients with ventriculoperitoneal shunts, severe medical/developmental issues, cephalohematomas, and normal head shapes. Patients with radiological diagnoses of craniosynostosis requiring surgical treatment and those who had received cranial orthosis treatment prior to presentation were also excluded. Adherence was recorded according to parental report on details of treatment at the time of each clinic visit. Our treatment algorithm and rationale are described in a related paper by Lam et al. 8 This study received approval from the Baylor College of Medicine institutional review board.
Model for Factors Affecting Adherence
We used the 5-dimension model described in the 2003 WHO report 18 to understand the factors associated with adherence to recommended treatment as the framework for this study. The likelihood of patients' adherence to recommended treatment is influenced by several factors, including individual perceptions and characteristics (demographics, socioeconomic status, peer reference) and perceived benefits/barriers to treatment. We examined factors in each of the 5 domains. Social and economic factors included high costs of treatment and access to the treatment facility-specifically, long distance from the treatment setting. Health systems factors in this study are fixed, as all patients in the study were treated in the same clinic by the same team of health care providers. Therapyrelated factors varied with the nature of treatment, which included repositioning, physical therapy, cranial orthosis therapy, or some combination thereof. Side effects were limited even in the group treated with cranial orthosis therapy, the most intensive therapeutic option. We did not directly measure condition-related factors, the fourth component of this framework, as it is difficult to assign a difference in disease severity to these patients beyond laser surface scan measurements. However, it is likely that the severity of the deformity contributes to the family's perception of severity and may affect treatment decisions. Finally, the patient-related factors that we examined were patient sex, race, and age. 5, 7, 10, 18 
Statistical Analysis
Multivariate logistic regression was applied to examine factors associated with parent-reported adherence to recommended treatment and model the factors associated with treatment completion. Risk factors with p < 0.2 in univariate analysis were included in multivariate analysis. All statistical analyses were performed with SAS (SAS Institute). A p value of < 0.05 was considered statistically significant. ). We included patients younger than 12 months of age at presentation with a diagnosis of occipital brachycephaly, occipital plagiocephaly, or both, who had a documented recommended treatment plan. Of the 1299 patients screened, 991 met the criteria for inclusion in the study.
Results
Characteristics of the included patients are described in Table 1 . The average chronological age at presentation was 6.2 months; 76.3% of patients were between 4 and 9 months of age, and 69.3% were male. The majority of the children were white (40.7%) or Hispanic (32.6%). Slightly more than half of the patients (51.7%) were covered by commercial insurance, while 38.7% had public insurance, defined as Medicaid/Children's Health Insurance Program (CHIP). The most commonly recommended initial treatment was repositioning or physical therapy, and 85.7% of parents reported adherence to the initially recommended treatment plan. Of 991 patients, 107 did not return for follow-up visits after the initial appointment. Lack of follow-up in these cases was considered loss to expected follow-up, rather than being classified as omission of optional follow-up.
Univariate analyses showed a difference in parent-reported adherence rates between several patient subgroups. Families with public insurance had an adherence rate of 80.2%. Families with commercial insurance were more likely to adhere to the recommended treatment, with an adherence rate of 89.6% (p = 0.001). The nature of the diagnosis also affected adherence. Families of patients diagnosed with brachycephaly alone had an adherence rate of 79.9%, compared with 86.4% and 90.8% for the diagnosis of plagiocephaly and the diagnosis of mixed plagiocephaly and brachycephaly, respectively (p = 0.017). Finally, the nature of recommended treatment affected adherence. Families of patients recommended for cranial orthosis therapy or cranial orthosis therapy in combination with repositioning and/or physical therapy had compliance rates of 75.6% and 72.3%, respectively. These rates are significantly lower than the compliance rate of families of patients referred for physical therapy or repositioning alone or in combination, which was 94.8% (p < 0.001). None of the patient baseline features, including weight at presentation, corrected or chronological age at diagnosis, and distance from treatment facility, had a significant effect on family adherence with initial treatment recommendation ( Table 2 ). The multivariate logistic regression confirmed that factors associated with adherence to initially recommended treatment included primary payer, diagnoses, and the nature of the recommended treatment (Table 3) . Families of patients who had commercial insurance were more likely to adhere to treatment than those with public insurance (OR 1.89, 95% CI 1.19-2.99, p = 0.007). Additionally, patients with a diagnosis of brachycephaly alone were less likely to have caregiver adherence to initial treatment than those diagnosed with plagiocephaly (OR 1.84, 95% CI 1.14-2.96, p = 0.011) or both plagiocephaly and brachycephaly (OR 3.25, 95% CI 1.52-6.95, p = 0.002). Finally, families of patients initially recommended for cranial orthosis therapy or combination therapy that included a cranial orthosis were less likely to be adherent by parent report than those who were initially referred for repositioning and/or physical therapy alone (OR 0.16, 95% CI 0.1-0.26, p < 0.001 and OR 0.14, 95% CI 0.08-0.25, p < 0.001, respectively). There were no significant differences in adherence to initial treatment based on age at presentation or race.
Five hundred fifty-two patient families (55.7%) completed the course of recommended treatment with a final follow-up appointment at the end of therapy. Factors associated with treatment completion included corrected age at presentation, insurance type, diagnosis, nature of the recommended treatment, and distance between the patients' homes and the provider's office (Table 4 ). Families of patients who were younger at presentation (0-4 months) or who had commercial insurance (OR 1.49, 95% CI 1.10-2.02, p = 0.009), a diagnosis of both brachycephaly and plagiocephaly (OR 2.26, 95% CI 1.31-3.90, p = 0.003), recommendation for cranial orthosis therapy (OR 4.55, 95% CI 3.24-6.38, p < 0.001), or recommendation for combined cranial orthosis, repositioning, and physical therapy (OR 3.19, 95% CI 2.07-4.09, p < 0.001), and those who resided within 12 miles of the provider facility (OR 1.40, 95% CI 1.00-1.96, p = 0.047) were more like-ly to complete treatment when compared with families of patients older than 4 months at presentation (age 4-6 months, OR 0.046, 95% CI 0.31-0.69, p < 0.001; age 7-11 months, OR 0.015, 95% CI 0.10-0.22, p < 0.001), with a diagnosis of brachycephaly only, recommended treatment of repositioning with or without physical therapy, or residing more than 12 miles from the provider's office. Twelve miles was chosen as the cut-off for analysis as it was the first quartile distance of travel for all patients in the cohort.
Discussion
The current study examined factors affecting parentreported adherence to initial treatment recommendations and completion of recommended therapy among families of patients diagnosed with positional cranial deformities at Texas Children's Hospital between 2007 and 2014. We aimed to identify patient and treatment factors that predict adherence with initial recommendations and longterm therapy in these patient families. These factors have been classified according to the framework published by the WHO, 18 which identifies social and economic factors, health system factors, therapy-related factors, conditionrelated factors, and patient-related factors as the principle components contributing to or detracting from adherence to recommended treatment. Awareness of these factors can help health care professionals approach treatment of these patients and their families in ways that will maxi- mize the opportunity for adherence. In practice, we now take socioeconomic factors into account when developing treatment and planning follow-up. Encouraging adherence to treatment is a key component of completing future high-quality studies to assess the clinical utility of cranial orthosis use and its benefit in correcting positional plagiocephaly in young children. Identifying and addressing barriers to adherence is an important component of this encouragement. Furthermore, a meta-analysis reviewing the relationship between patient adherence and treatment outcomes suggested that the correlation between adherence and outcomes is more tightly intertwined in pediatric patients than in adults.
3 These findings can likely be extrapolated to include treatment for correction of positional plagiocephaly. A significant step in both determining the relationship between treatment adherence and outcomes and improving patient adherence to treatment in patients being managed for positional deformities is identification of factors associated with good and poor treatment compliance.
The current study suggests that families of infants with positional deformities are less likely to adhere to recommended treatment when that treatment is cranial orthosis therapy than when it is repositioning or physical therapy (Table 3 ). However, both younger age and use of cranial orthosis were associated with increased likelihood of completing treatment (Table 4 ). This suggests that use of a cranial orthosis represents a barrier to treatment initiation but that parents who commit to cranial orthosis therapy are subsequently more likely to follow through with the entire course of treatment. This finding is not surprising when considered in the context of the WHO framework for adherence. Cranial orthosis therapy is more cumbersome with regard to expense, acquisition of equipment, and effort on the part of parent and child. This therapeutic option thus imposes an economic burden on patient families and is limited by patient-related factors, such as understanding the treatment plan and motivation to ensure compliance if family members perceive that the infant is uncomfortable. Additionally, social factors, such as parental concern about the social stigma surrounding cranial orthosis therapy and uncertainty of the effectiveness of treatment, 15 may discourage initial compliance. Therapy-related and economic factors are also likely to contribute to lack of adherence in regimens including cranial orthosis therapy. Medicaid and some other providers may not cover orthotic cranial orthoses for the treatment of positional deformity in children. This treatment option may, therefore, be significantly more costly for certain patients, while repositioning the child has no associated expense. This factor may partly explain why patients with public insurance showed lower compliance with both initial treatment and completion of therapy. Finally, poor .5) 6.1-6. tolerance of therapy, including skin breakdown and resistance of the child to treatment, is more likely to occur in the group treated with cranial orthoses, which results in a negative effect on adherence. Diagnosis was the third factor identified as having an influence on adherence to initial treatment recommendation and completion of therapy. Diagnosis of plagiocephaly and dual diagnosis of both brachycephaly and plagiocephaly were associated with increased initial treatment compliance, while only dual diagnosis was associated with increased likelihood of treatment completion. This finding was also unsurprising, as diagnosis of plagiocephaly and diagnosis of concurrent plagiocephaly and brachycephaly are more likely to be perceived by families as true deformity, while brachycephaly, being more symmetrical, is not. A greater degree of apparent deformity is a conditionrelated factor that heavily favors therapy. Additionally, in these cases social pressures may encourage treatment compliance, as the deformity is perceived to be more noticeable to others.
Young age at presentation, defined as 0-4 months, did not predict adherence to initial recommendations. However, it was associated with increased likelihood of eventual treatment completion. This suggests that parents of patients who present at younger ages are better able to comply with treatment, due to one or more of the WHO report framework components. For example, presentation at a younger age may indicate a more severe deformity, a perceived condition factor, which could enhance parental motivation to adhere to treatment. Environmental conditions may also be more favorable, as younger children may be less able to resist treatment efforts, which makes compliance easier for parents. Finally, treatment factors, in this case the nature of treatment, may favor compliance in younger children. Our treatment paradigm generally recommends repositioning/physical therapy, which we have shown to have a higher rate of compliance than cranial orthosis therapy for younger children.
Finally, patients who resided within 12 miles of Texas Children's Hospital were more likely to complete treatment than those residing more than 12 miles from the provider's office. Travel distance is a clear patient and economic factor that may reduce compliance. Increased travel time increases cost and time off from work. Additionally, increased travel time requires a greater investment in treatment and higher levels of motivation to maintain adherence, thus making completion of therapy less likely.
Strengths of the Current Study
The current study reflects a large study population in which each patient was offered similar evaluation and follow-up. Each patient was seen and counseled by a pediatric neurosurgeon in the head shape screening team. In addition to clinical evaluation and judgment about the degree of deformity, the surface laser STAR scanner was used to track objective measurements, providing a reliable measure of treatment effect. Additionally, because many of these patients come to Texas Children's Hospital for comprehensive care, we had access to a great deal of demographic information.
Limitations of the Current Study
A significant limitation of the current study is the dependence on self-reported behavior. We were unable to verify how long patients wore the cranial orthosis at home or how frequently or diligently they pursued repositioning and physical therapy. Our only direct measure for compliance was continued appearance at follow-up appointments. Additionally, this is a retrospective study and, as such, the study relies on chart review. The clinical data are thus incomplete. Patients were not randomized to treatment groups; therefore, patient-specific factors and parental preferences may have influenced the treatment decisions at the time, introducing bias. The study is also observational in nature and reflects the treatment algorithm developed in our practice. Thus there is no comparison group. For this reason, we cannot compare the effects of adherence with initial treatment on outcome. Assessment of the efficacy of treatment was further limited by lack of encouragement for follow-up in conservatively managed patients with mild deformity. This also resulted in a large number of patients with incomplete follow-up, unfavorably skewing completion data. Finally, there are important factors, such as income, family stressors, educational level, and attitudes toward health care, that are considered as possible factors affecting compliance according to the HBM and WHO framework in the current study but have not been evaluated on an individual basis here. There are many factors that can contribute to caregiver's perception of the severity of the problem. One could posit that other factors may include race, ethnicity, birth order, number of children in the home, family history and family medical experiences, identity of primary caregiver, socioeconomic status, geography, peer groups, and parent occupation. We are not able to provide a comprehensive assessment of this problem in a retrospective study; however, these would all be considerations in future prospective studies. This is a single-center retrospective study, and as such, it is not known how much of the findings can be generalized to other centers, other regions, and other patient populations. The influence of geography and transportation, locations and accessibility of orthotics and clinic offices, Medicaid and insurance coverage, and the ethnicity and socioeconomic make-up of the population all may be specific to a center. However, understanding the influence of nonclinical factors is an increasingly important part in the practice of medicine.
Conclusions
As demonstrated with numerous other treatment modalities, adherence to a recommended treatment regimen is likely associated with improved outcomes in treatment of positional cranial deformities in infants. Identification of factors associated with poor adherence to initial treatment or decreased rate of completion of treatment can aid in the development of treatment strategies and support for patients and families to improve adherence. The current study indicates that less complex diagnosis, costly treatment, and public health insurance are associated with lower rates of parent-reported adherence to treatment, while more complex diagnosis, private insurance, and more conservative treatment were associated with better initial adherence. In addition, once patients initiated the treatment, higher likelihood of completing full treatment course was associated with younger age, commercial insurance, more complex diagnosis, cranial orthosis treatment, and shorter distance from the treatment center to home. In clinical practice, these socioeconomic factors can be taken into account when developing treatment and follow-up planning.
